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Abstract: A kind of layered composite retarder, borate-intercalated hydrotalcite (Mg/Al-BA-LDH) was
synthesized by ion exchange reaction between boric acid and magnesium-aluminum lamellar dihydroxide
(Mg/Al-CO;-LDH) prepared by coprecipitation method. Mg/Al-BA-LDH was characterized by XRD, FTIR
and SEM and its dosage on the comprehensive performance of the cement slurry system was evaluated. The
results showed that the prepared Mg/Al-BA-LDH had a good crystalline with an interlayer spacing of 0.92 nm
at pH=4.5. The Mg/Al-BA-LDH retarder could effectively adjust the thickening time of cement slurry at
90~170 °C. The thickening curve was stable, indicating right-angle thickening. The compressive strength of
cement stone sample containing Mg/Al-BA-LDH was greater than 14 MPa at low temperature for 24 h. The,
strength of the sample with a dosage of 0.5% (based on the mass of cement, the same below) reached 33.97 MPa
after 7 d. After curing under different temperature difference conditions, the compressive strength of the top
cement stone samples developed normally and met the construction requirements, which could be applied to
long cementing and large temperature range cementing operation. The filling of Mg/Al-BA-LDH and the
crystal effect played a leading role in the process of cement hydration, thus promoting cement hydration and
effectively alleviating the slurry compressive strength decline caused by retarding effect.
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Table 1 Effect of different types of hydrotalcite on mechanical properties of cement (dosage is based on the mass of cement)
K K5 iR C BH% SLIEH FE/MPa
1d 3d 7d
G Ik RN Ca/Al-ANMA-LDH 60 0 32.34 35.67 40.01
0.8 31.24 35.27 40.09
G Gk eI Ca/Al-LDH-W 60 0 26.88 30.06 32.01
0.1 34.32 37.29 37.85
0.4 30.89 32.04 27.56
Ca/Al-LDH-E 60 0 26.88 30.06 32.01
0.1 31.26 35.36 30.89
0.4 29.32 31.58 28.09
Bk wh 7k Je 04 Mg/Al-LDH 20 0 2.887 4.799 9.750
2 4.707 5.758 12.667
Zn/Al-LDH 2 4.014 5.074 11.561
Li/Al-LDH 2 6.815 9.285 13.526
Zn/Mg/Al-LDH 2 4.274 5.470 12.383

{: Ca/Al-ANMA-LDH, Ca/Al-LDH-W, Ca/Al-LDH-E %35l [ T AL Y) Ca/Al-LDH., H/K Wil %519 Ca/Al-LDH, &

T 5 1 4% 1) Ca/AI-LDH.,
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Fig. 1 Schematic diagram of preparation process of borate-intercalated hydrotalcite
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Table 2 Formula of cement slurry samples

Mg/Al-BA-LDH/g

5 Klelg BEIKKRg srER/g (pH=4.5 ) Kig
CoO 600 6 3 0 264
Bl 600 6 3 3 264
B2 600 6 3 6 264
B3 600 6 3 9 264
B4 600 6 3 12 264
B5 600 6 3 18 264

2 HR5H®

2.1 Mg/Al-CO3s-LDH LK Mg/Al-BA-LDH HIRAE
2.1.1 XRD % #f

X4 U Mg/Al-CO5-LDH L) K2 Mg/Al-BA-LDH
4T XRD 40 #r, d55RanE 2 s, Hr, Kl 2a. b,
¢ S IR FE S M1, M2, M3, Mg/Al-COs-LDH L
J Mg/Al-BA-LDH B s S 5L 3.

}\ Mg/Al-CO;-LDH

(003) (006) PDF#22-0700
(009) MgALCO5(OH),*4H,0

LT

L
10 20 30 40 50 60 70
20/(°)

E 2 Mg/Al-CO;-LDH LI ATE pH T i#ilf$ Mg/Al-BA-
LDH i ) XRD i 4]
Fig. 2 XRD patterns of Mg/Al-CO;-LDH and Mg/Al-BA-
LDH samples prepared at different pH

# 3 Mg/Al-BA-LDH I Mg/Al-CO5-LDH ¥ 5444 %k
Table 3 Lattice parameters of Mg/Al-BA-LDH and Mg/Al-

COs-LDH
7kzﬁE d(003)/nm d(005>/nm d(oog)/nm 20(003)/(0)
Mg/Al-CO;-LDH 0.78 0.38 0.26 11.32

pH=3.5 0.90 0.44 0.25 9.79
Mg/Al-BA-LDH pH=4.0  0.90 0.45 0.26 9.75
pH=45 0.92 0.45 0.26 9.54

HPE 2 AT, £ B K A 5 SOk E 2,
BA SR A R ARG S0 , AT 6 04 5 B R K
A HIFRERT ST R A PDF#22-0700 Hh T it 187 B v 5 i
—H, HERISEE . RY, Z5MERE. mAmhg

TR (2dsinf=ni, 1=0.154 nm, Frf, d JyfhiEaE]
B, nm; 0 WASIE . ROITE S RO A I 2 1] g
i, o5 A NI, nmy n A CSTER ) DI 3 AT,
KW AAFERHRI003) . (006)F1(009) & i A7 I 1Y d 18
WAEEOC R, KRG A Mg/Al-CO;-LDH D K&
Mg/Al-BA-LDH EA5 K 4F B9 25 2R 454 . Mg/Al-
COs;-LDH 9 (1003 ) & T T X B 9 43 56 1 8 11.32°,
S 2 [ FE (003 AT SR W T X6 17 Y d003)=0.78 nm,
Al Mg/Al-COs-LDH By 2[RI EE24 0.78 nm, HE 2
[, ARIE pH F A i) Mg/Al-BA-LDH ¥ B A 7k
AT AR AT B 6, (HAE pH=4.5 T & LKA 2K 1
AR AT N Y, SRUTHEE R, 3 F
Mg/Al-BA-LDH HJaHTHIATE IS Mg/Al-CO5-LDH A
LA HE AR ]/ IN AR B T AT T RS B, AR ML, M2,
M3 (003 ) i TGN AT 5 1 F Mg/Al-COs-LDH
1 11.32°00 5178 K 9.79°, 9.75°, 9.54°, Fr%th il )2
[ #E 23510 0.90, 0.90., 0.92 nm, JZ[A]HH 728 K
AR AR E B2l iE A KT 2 18]
2.1.2 FTIR o 47

& 3a y Mg/Al-CO,-LDH A9 FTIR &3, & 3b.,
c. dZr%h M1, M2, M3 i FTIR K3,
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eE/em™!
3 Mg/Al-CO;-LDH LU K AR[H pH T il 5 1 Mg/Al-BA-
LDH # /i 9 FTIR %4
Fig. 3 FTIR spectra of Mg/Al-CO;-LDH and Mg/Al-BA-
LDH samples prepared at different pH

H & 3 Al L Y, Mg/Al-CO5-LDH 7 3463 cm™
AF AL P18y W WA 0 St 07 2 T 7 A 2 A e 3 %) ek 4 9 3
W, 11 400~ 800 cm " PN [ 2 K T A T2 AR 2 A I
Wik, COT R I BLAE 1380 em ' 4k, 1637 cm™
A 55 W O 2 R TR DK 2 F B H—O—H il iRk
FrE20 i Mg/Al-BA-LDH () FTIR i & 7] LI i,
BB T AL A E 2K WG, 1E 400~800 e 1Y
(R KU SR 2R A W S AR SR AP AR, 7F 875 em ' it
B TR T B—OH A ih PR shid, 941 em ' 4b &
BO, 1 B—O WX R4 iR shi%, 1083 em ' Bt h
BO, 1 B—O S FR{H 45 sl ; 1282 cm™ 4b>4 BO;
H B—O MMIZE PRSI, 29 1390 cm ' &b B 40T
FHE T ([ B(OH);. B;05(0OH);. B,Os(OH); ) 542
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PGl . RMATE 3 FARH pH T, Ll T35
J 45 470 J2 B S R i 2 B B B ¥ fE 7 B(OH), .

B;0;(OH);. B,Os(OH); *', & 3b 1 BO; FXFFRfH
FidRshiie 5y, KMALERE 3b % B;O5(OH) & 48

Mg/Al-CO;-LDH
0.78 nm

A TRER ML, M2, M3 RSS9 CO3 TR
Wi, BEPATE pH My 3.5, 4.0, 4.5 FAEFIKHEIZK
A2 R AR DB COT RASH 5E 4, HAR 2 45
P B I 4 FiR .

b cor B 1O P pon);

33B,0,0m)7 -1 B.OSORF

Mg/Al-BA-LDH

Kl 4 Mg/Al-CO;-LDH L) J Mg/Al-BA-LDH B3 2 45 # % 2 &
Fig. 4 Intercalation structure diagram of Mg/Al-CO;-LDH and Mg/Al-BA-LDH

2.2 KiRZETL R

T A Mg/Al-BA-LDH HYZZEETEfE KA AE pH
4.5 Tl B FE S M3 IMAKIeS F, #E1THfb 1 g
iR, Mg/Al-BA-LDH., Mg/Al-COs-LDH L I iR
XK B RESZ A5 R IR 4, 90 °CRAR[RIIN
) Mg/Al-BA-LDH S5HLEF R AR (a) LIRAES,
CO (b). B3(c). B4 (d), H2 (e). H3 (f) MHfL
HEANESIRE

F 4 Mg/AI-BA-LDH LA & Mg/Al-CO-LDH i ( LIk
Ye St Ry B ) XK e SR Sl R Ah A B S
Table 4 Effect of Mg/Al-BA-LDH and Mg/Al-CO;-LDH

dosage (based on the mass of cement) on thickening
properties of cement slurry samples

Mg/AL-BA- Mg/Al-COs- H;BO; iRE JEH FAikmtiE

K LDH /% LDH ##/% /% /,°C /MPa  /min
co 0 0 0 90 45 174
cl — 0.5 — 90 45 137
C2 — 1.0 — 90 45 150
C3 — 2.0 — 90 45 158
c4 — 3.0 — 90 45 162
cs — 5.0 — 90 45 173
HI1 — — 02 90 45 336
H2 — — 03 90 45 400
H3 — — 0.5 90 45  >555
H4 — — 1.0 90 45  >580
H5 — — 20 90 45  >600
Bl 0.5 — — 90 45 188
B2 1.0 — — 90 45 224
B3 1.5 — — 90 45 285
B4 2.0 — — 90 45 308
B5 3.0 — — 90 45 336

13 4 A1, Mg/Al-BA-LDH FHBRTE 0.5%~3.0%
W R RRE MZEEERH, HRBE%E Mg/Al-BA-LDH
BB, BAILRT R B A R & Sa nf
HI, Mg/Al-BA-LDH [#5 2 5040} ) 230 R 47
MILPE S ZR S Il Se~d ATLAE H, JITA Mg/Al-BA-LDH
7K U IR Ab M 2 & A%, JC I I i il 2 = 8
KUPEH AL, “INEE” IS, TR 2 Hor
FRHEMEMEMAML, S40KE (K 5b) MLt
BN I S LR

K 6 NAFEIEE N Mg/Al-BA-LDH Hiif&l 3%
AR e B AL BRI EL . B 6 FTLAE Y, 7E 90~
170 °CHYIRBETLIEIN , BEE IR T, B0 [E
WU 2Ry 150 °CH, HLATR]A %] 254 min,
R Bt T2k . MR 4 AT, HHEsK i
A H3BOs i, HESE I [H] 5 H;BOS BN 2
EANFEAEL R, HRBER S, SHKleK™
BRGNS . TR, AT HUE Mg/Al-CO,-LDH i
XA AR e SB[ HAT 5200, 4 Mg/Al-COs-
LDH MAKJeR h AT A 25 (W3R 4), MR 4
ALH, D) Mg/Al-CO5-LDH i T H: SR &0 % il
K BA tEs e BEVE T, (ARG Mg/Al-COs-LDH
T 3 0, B AR ) N4 2K R S ) SRR G st ) FE A
— 3, NERSZERR., Lk, 5yl
Mg/Al-COs-LDH VA & H3;BO; HURES AL, B A
Mg/Al-BA-LDH [#7KJe K HALRS ) e kv o, 1 5.
REAS 76 S i T KK IR A BELE B 1) | s /K e S
TR R RE
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Ea0r4 s0l® sof B0l sol = gof
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Fif 1] /min it ] /min

El 5 90 °CTFAFJNE Mg/Al-BA-LDH SH{LAFRIFSCR (a) PLAAES CO (b), B3 (c¢), B4 (d), H2 (e) M1 H3 ()

14 B 1 i 26

Fig. 5 Relationship between different dosage of Mg/Al-BA-LDH and thickening time at 90 °C (a) and thickening curves of

samples CO (b), B3 (¢), B4 (d), H2 (e) and H3 (f)

300

BAAL T [B] /min

100 |

0
80 90 100 110 120 130 140 150 160 170 180
B/ C

Kl 6 NFEIEEET Mg/Al-BA-LDH fi& 3% /K Je ¢ ik
B e
Fig. 6 Thickening time of cement slurry with 3.0% Mg/Al-
BA-LDH dosage at different temperatures

KEAMEREREKNRE TERELRMIK

T VG 3%3B 1) Mg/Al-BA-LDH X7k
P T12ERRRIRE M, WE T BS AR [F TR R
ZTRIKRAPERE, Z5RmE 5 Fin, hHE
5TAJAl, A Mg/Al-BA-LDH HI/KIERAER T 110 °C
B IRE FFRY 24 h JF/KRARPURREY KT

2.3

25 MPa,, B 45 747 R (0 T i DL B SR 47 s ] (R S K
IKVRAALHE BE TP, B 2 7K WA 0K X K A 4 1
PER b 9 2 by, oK AR RO A B 22 1 K AR TR
BEEERE (C-S-H) P, MoK PR3 A RA IR 5 1 ] 2=
T B 0 B ARFEBE, OIS AR R R R IR
HE 5 AT, FEARIRITRERIR il B N 34705, K
AWRIN RAFPUEMRE, 7EIFRIRE 110 TR
PR, R E L 90 A1 60 CF 12 h Fip o B 43 3 ik
4.5 f12.6 MPa.,

AFKIEECTTLE 90 °C . JE &40 F 3= 05t
JEBRBE IR ANE 7 Ui . IR 7 nlAL, B, B2,
B4 FESL KA 1. 3. 7 d PR HR 44 e T Atk I

(C0), 7 Mg/AI-BA-LDH HJ/K 47 24 h (KI5 3%
KT 14 MPa, 24 Mg/Al-BA-LDH KN 0.5%0,
Ho1, 3dPuUEsRESAKIeH AR R T 11.57%.
32.7%, H:7 d SR N[5 33.97 MPa, H4i/KJetd Lt
$Em T 18.1%. 78k, HMIB A HiBOs /KR AFE
A DTSR B 5 15 B S B RIS . 24 H3BOs 18
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N 1%, H1 dmEsEeEdk, 7 dEEN 16.86
MPa, AN RJE T 2R, 55l H;BOs FIFE T
M, Mg/Al-BA-LDH Hi T H 5 bk fE W 32

KA WPUEIRE , FEB RN 0.5% &M T, #
mn Bl SFEM H3 AL, H1. 3. 7d KeadiE
SREE AR T 37.86%. 75.10%. 94.33%,

%5 Mg/AI-BA-LDH X AN [A] TR 22 T 7K Y414 i 2 52 1) 52 1
Table 5 Effect of Mg/Al-BA-LDH on the strength of cement stone samples under different temperature between top and
bottom

AR ZE S SR AP AN [ 18] 5 K ¢ A0 5 R 58 B2 /M Pa

Y5 JFRIREE/SC 24 h JEPUEME/MPa R IR 90 °C RFEREE 60 °C
12h 24h 48 h 72 h 12h 24h 48 h 72 h
BS 110 26.45 45 18.08 21.89 22.26 2.6 17.12 19.7 20.82
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